
S3 6 Transmission of Electricity 

B 6.1 Alternating current 

Terms 

• peak value (Ijrfji) 

• effective value (WS&flD 

• root-mean-square value (r.m.s. value) (^i^jflllii) 

j Expt 6a Current and e.m.f. produced by a small a.c. generator 
j (dynamo) | P p.254 

Objective 

I To study the e.m.f. produced by a small a.c. generator (dynamo). 

Set-up 

i Drive an a.c. dynamo to light up a lamp. Connect the dynamo to a centre-zero milliammeter 
j (Fig a). Turn the dynamo and watch the deflection of the pointer. Connect the dynamo to a 
; CRO (Fig b). Turn it steadily and observe the waveform displayed on the CRO. 



1 The current and the e.m.f. produced by a simple a.c. dynamo change periodically in 
both . and (Fig 6a). 


e.m.f. 
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2 The CRO (Fig 6b) shows a alternating voltage output from a low 

voltage power supply operated with the a.c. mains. 


Fig 6b 



3 


When an a.c. flows through a diode, which permits 

current to flow only in one direction, a 

d.c. with several cycles are recorded 

(Fig 6c). 

Fig 6c 



4 A steady or constant gives a horizontal line on a 

CRO (Fig 6d). 


Fig 6d 



& Check-point 1 (p.257) 


Expt 6b The effective values of alternating current and voltage 

~B3 p.257 

Objective 

To measure the effective value of an alternating current. 

Set-up 

Connect up the circuit (Fig a). Set the switch to apply a 
sinusoidal alternating voltage to the light bulb. Note the 
peak-to-peak value of the voltage shown on the CRO. Then 
set the switch to the d.c. power supply. Adjust the rheostat 
so that the light bulb gives the same brightness as 
connected to the a.c. power supply. Read the d.c. voltage 
from the CRO and the current 7d c from the ammeter. 
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5 Experiment 6b shows that when a suitable d.c. is chosen, the light bulb produces the 
same brightness as the a.c. flowing through it. The average power of the bulb 
developed by the a.c. is the same as that of the chosen d.c. 

The of an a.c. is equal to the steady current 

which produces the same heating effect in the same resistance in the 
same time. 


6 The effective value of an a.c. can be calculated mathematically. 

When a light bulb of resistance R is first lit by an a.c. /, 

Instantaneous power of the bulb P = (1) 

As R is a constant, the mean or the average power P is 

P = ( 2 ) 

When switched to the d.c. source, a steady current of Idc gives the same heating effect 
(in terms of brightness) in the light bulb. 

Power of the bulb Pdc = (3) 

If the a.c. and the d.c. circuits give the same heating effect, we have 


Idc 


is called the 
denoted by I mis. 


(4) 


value (r.m.s. value) of current, 


The effective value of an a.c. is the r.m.s. value of the current. 

I mis = 


= A /mean value of 


Similarly, the r.m.s. value of the alternating voltage is denoted by 
Therefore, the average power P in terms of / rms , E-ms and R: 
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Example 1 


p.259 Eg 2 


A resistor of 3 Q is connected to an alternating current. Figure a shows how the a.c. varies 
with time. Find the effective value and the average power of the alternating current. 


Fig a 


I/A 
5 


-2 


t / s 


& Check-point 2 (p.259) 


7 For sinusoidal a.c., the instantaneous values of V and I vary with t as follows (Fig 6e): 


V= (6) 

1= (7) 

v i 



From (1) and (7), the instantaneous power P in a pure resistor can be expressed in terms 
of Pq: 


P = I 2 R = 

P= (8) 
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8 Figure 6f shows how P varies with t for a pure resistor with sinusoidal a.c. The value of 

power is always and is fluctuating between zero and the maximum 

power Po. 


P 



Fig 6f 


9 In fact, the areas bounded by the power curve can be rearranged as follows (Fig 6g): 

P 



Fig 6g 2 

In this case, the mean power P = (9) 

Using (5), (9) and Po = /o 2 P, h ms and 7o can be related as follows: 

/rms 2 P = 



V 2 

By expressing P = — , VW and Vo can be related similarly. 
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Example 2 


B3 p.261 Eg 3 


The following figures show the voltages of sinusoidal waveform (Fig a) and square 
waveform (Fig b). Given both Vo = 6 V, calculate the r.m.s. values in both cases. 



For sinusoidal waveform, 


For square wave, 


Check-point 3 (p.262) 
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6.2 Transformer and high-voltage transmission 


Terms 

• transformer (UMIttf) 

• primary coil 

• secondary coil (0MH) 


mutual inductance (ZlI&) 
step-up transformer (^JMIS) 
step-down transformer (|1$MI§) 


Expt 6c Simple transformer 

Objective 

To construct a simple transformer and study how it works. 


03 p.264 


Set-up 

Clip the two C-cores with primary coil and secondary coil together. Connect the primary coil 
to a switch and a battery, and the secondary coil to a centre-zero galvanometer (Fig a) 

Close the switch and then open it. Observe the effect on the galvanometer. 

Connect the primary coil to an a.c. power supply and the secondary coil to a lamp. Connect 
another lamp to the a.c. supply (Fig b). Switch on the a.c. supply and compare the brightness 
of the lamps. Change the 25-turn coil to coils of other numbers of turns, and observe how 
the brightness of the lamp changes. 



battery switch galvanometer 


Fig a 


coil secondary coil 
(10 turns) (25 turns) 



Fig b 


a.c. power 
supply 


lamp 


secondary coil 
(25 turns) 


lamp 

primary coil 
(10 turns) 


1 is the effect that a changing current in a coil produces 

an induced current in another coil. 

2 The result of Experiment 6c can be explained as follows: 

i When the switch is closed, the primary coil behaves like an . 

(Fig 6h). The B-field produced by the primary coil induces a voltage across the 
secondary coil. Current flows through the secondary coil and the galvanometer 
pointer deflects (continuously/momentarily) to one side. 
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primary 


soft-iron core 


secondary 
I / coil 



growing field due to growing 
Fig 6h primary current 


field due to induced 
secondary current 
against the growth 


According to Lenz’s law, the induced current flows in such a direction as to 
the build-up of the field lines. 

ii When the current becomes steady, the B-field stays and no 

voltage is induced. The galvanometer pointer returns to zero. 

iii When the switch is open, the B-field decays in the C-cores. A voltage is again 

induced, but the current flows in a direction as to the decay of the 

B-field. The galvanometer pointer deflects 

(continuously/momentarily) to the other side (Fig 6i). 


Fig 6i 


soft-iron core 




secondary 

coil 


1 


3 $. 





decaying field due to decaying 
primary current 



field due to induced 
secondary current 
against the decay 


3 The primary and secondary coils and the core together form a 

(Fig 6j). When an a.c. flows through the primary coil, the magnetic field lines going 

round the core change . An alternating voltage is induced in the 

secondary coil, with frequency as the a.c. in the primary coil. 


Fig 6j 


soft-iron core 


induced 


input 

lower voltage ! 



primary coil: 
a.c. in this coil 
sets up a changing 
magnetic field 



alternating 
magnetic field 


a.c. 

O 


output 

higher voltage 



secondary coil: 
the changing magnetic 
field induces voltage 
across the coil 
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4 When an a.c. flows through the primary coil, energy is transferred 

continuously from the primary to the secondary circuit. Energy (or power) is 

in practical transformers during the transfer. The efficiency of a transformer is: 



Efficiency = x 100% 

ft Check-point 4 (p.266) 



5 The voltage ratio in the primary and secondary coils depends only on the number of 
turns in the coils (Fig 6k). This is true for transformers of efficiency. 


Fig 6k 



v s 

J 


Primary vo ltage 
Secondary voltage 



Note that the formula is applicable for both peak voltage and effective voltage with a 
sinusoidal waveform. 


6 The ratio of primary turns to secondary turns is called the ratio. By 

choosing the suitable ratio, a transformer can be used to change or transform an a.c. 
voltage from one value to another. 


7 A_ transformer (Fig 61) (V s . V P ) has more turns in the secondary 

coil than in the primary coil (N$ > N p ); while a transformer (Fig 6m) 

(Vs Vp) has fewer turns in the secondary coil (N s < N p ). 


Fig 61 


Fig 6m 
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Expt 6d Measuring the voltage ratio of a transformer 

Objective 

To measure the voltage ratio of a transformer and compare it with the turns ratio using a 
CRO and voltage sensors. 

Set-up 

Make up a transformer (Fig a). Apply a 1-V a.c. across the primary coil. Connect the CRO 
across the coil. Switch off the time base and measure the length of the vertical trace on the 
screen (Fig b). Repeat with the secondary coil. 



Fig a Fig b 

Results and conclusion 

The voltage ratio is slightly than the turns ratio. This is because some of 

the magnetic field lines do not pass through the secondary coil. 


D3 p.268 


Example 3 


ca p.269 Eg 4 


A 240-V a.c is applied to the computer notebook. A label on the notebook charger is shown 
in Figure a. 



(a) Why can the 240 V alternating voltage be changed to 15 V in the charger? 

(b) Find the efficiency of the charger. 

(c) Find the turns ratio of the charger. 
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Example 4 I a p.270 Eg 5, p.271 Eg~6 

Two identical light bulbs rated at ‘10 V, 20 W’ are connected in series to the 220-V a.c. 
mains via a step-down transformer (Fig a). Both bulbs can operate at their rated values. The 
transformer has 40 turns in its secondary coil. Assume the transformer is ideal. 

(a) Find the number of turns in the primary coil. 

(b) Find the current in the primary coil. 

(c) The transformer is now removed and a resistor connected in series to the bulbs to ‘step 
down’ the voltage. 

(i) Calculate the resistance of the resistor. 

(ii) How much power is dissipated in the resistor? What is the percentage loss of 
power due to the resistor? 

220 V 
a.c. 

Fig a 



© Oxford University Press 2010 


11 


New Senior Secondary Physics at Work 






iii currents in the core (Fig 6n): 

Power loss due to the effect of eddy current can be reduced by 

using a core (Fig 60). 
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Obje 

To se 
powe 

Set-i 

Set u] 
brisih 


IP 


power line 


(resistance wire) 


power line 


(resistance wire) i m 


12 V, 24 W 


12 V, 24 W’ lamp 


12 V, 24 W’ 


Fig a 


ill 


1 : 20 step-up 
transformer 


20 : 1 step-down 
transformer 


Figb 


Results and conclusion 

For the first two cases with 12 V d.c. and 12 V a.c., the lamp at the ‘station’ is 

(brighter than/of similar brightness as/dimmer than) 

the ‘consumer’ lamp. This is due to the in the ‘cables’. 

For the third case with stepped-up voltage, the ‘consumer’ lamp is 

the ‘station’ lamp. 
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10 Stepping up the voltage steps down the current through the ‘cables’. Therefore, the 
power loss ( I 2 R ) in the cables is reduced. 

The power loss in transmission can be reduced if the 
electricity is transmitted at a voltage. 


11 . current is used to transmit electrical power in the mains electricity. 

This is because its voltage can be stepped up or stepped down easily. 


Example 5 


p.275 Eg 7, p.276 Eg 8 


A power line transmits electrical power from a power station to a substation (Fig a). The 
transformer at the station steps up the voltage from 25 kV to 400 kV for transmission. 


25 kV ~ 

9 





Fig a 


power station 


substation 


(a) Find the turns ratio of coils in transformer at the station. 

(b) The power output of the station is 60 MW and the total resistance of the transmission 
line is 10 f2. 

(i) Find the power loss in the transmission lines. 

(ii) Hence find the percentage power loss in the transmission lines. 

(a) 


(b) (i) 


(ii) 


tft_ Check-point 6 (p.277) 
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